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ABSTRACT

The K2 Simulation platform is used for modellingdarimulating test benches and satellites (a cdastei of
satellites, a single satellite, or a subset oftallga). The runtime environment executes a sitiotain real-time that
can be monitored and controlled using customisgi@phical user interfaces. The simulation datarasdlts are stored
in a database that can be processed afterwards.

The K2 simulation platform is currently improvedhe fully compatible with the SMP2 standard.

The aim is to be able to import any models devalope the K2 platform into any SMP2 compatible eoninent. The
compatibility is certified using the BASILES andn$at frameworks. This adds the capability to shheeK2 huge
models database developed over the years.

On the other hand, it will be also possible to im@my SMP2 compatible models into a K2 platforrmienment. The
connections and communications between K2 and Si&els will be completely transparent. The schedudif the
models execution, the logger and many other seswidkk be handled by the K2 platform.

The K2Lab framework delivered with the K2 simulatiplatform is a graphical application used to desigpdels and
simulators. It also generates the models interfaegsiirements and validation documentation teraplat

The model designer tool enables the user to spdwfynodels interfaces, algorithms and internalbbdes. The model
developer adds only the behaviour to the autorribtiganerated skeleton code, and can go back taésen without
losing its manual additions.

The simulator designer tool is used to create im&a of models and connect them together. A typekcts performed,
forcing the user to connect only compatible types.

The K2Lab framework will be improved to generate BSMcompatible code at the same time as the K2 doeall
also contain a graphical user interface to launamitor and control the designed simulators forudepurposes.

INTRODUCTION

This paper describes the main characteristics @Kith simulation platform, the models and the waysdnnect them
together in a simulator. The main part of the doent describes how the existing K2 platform wilbkse to be SMP2
compatible. The platform simulation tools to desk#/SMP2 models and execute the code are alsonisgs@ this
document.

THE K2 SIMULATION PLATFORM

The K2 simulation platform is composed of a setCef+, Python and Java libraries and a collectiorthofl party
binaries. It is delivered under a Thales Aleniacgprance proprietary commercial software licence.

The K2 models are developed in C++ using thesavids. They are instantiated and connected in sitond using a
specific language based on python (all the exisfigthon libraries and python commands are availabldevelop
simulators). The validation tests of models anduators are also prepared in python.

Swig and JNI are used to interconnect C++, JavaPatiadon source code.



The K2 model structure is predefined and contains:

A set of data defining the state of the model given time. These data can be accessed only freiddrihe
model, they are not visible for other models:
o Features : model static characteristics, do natgdauring run time
0 Shared Features : model static characteristics amimseveral models
0 States : values describing the current model state
o Internal : internal model data
A set of algorithms implemented by the model. A &g8orithm is equivalent to an SMP2 Entry Pointdies
not take any parameter and does not return a value:
0 An algorithm is a portion of code executed in thedel
0 It can be executed once or periodically, with @ty
o It can read the model inputs and data and setutputs
o Some special algorithms are specified and callethéylatform, the others are user defined
A set of model inputs:
0 A model input can be a value (simple K2 type mappedC++ type or complex structures and arrays
of these simple K2 types)
o Aroutine is a function called by another modell§grthe model itself)
= |t has parameters set by the caller
= ltreturns a value to the caller
= A bus routine uses addresses and masks to be edecut
= The equivalent concept in SMP2 is called “Operation
A set of model outputs:
0 The outputs are mirroring the inputs. An output barconnected to N inputs
0 The callpoint calls the routines. N callpoints ¢enconnected to M routines
0 The connection between inputs and outputs candre & “pointers”. The data propagation (the input
value is set to the corresponding output valueigdttaway) is a natural K2 feature. The same
behaviour can be obtained using the MdkDP deliverigh the Basiles SMP2 service

The following figure shows a graphical view of a Kiddel content:
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Fig. 1. K2 Model content

The K2 platform provides a group of services far #imulators. Here is a non-exhaustive list of labéeé services, all
of them are compliant with the SMP2 architecture:

A scheduler

A logger that can be filtered by criticality

A time keeper providing different type of time: sikation time, mission time, zulu time

A tracer triggered by a timer allowing to monitbetmodels data periodically

An activation tracer triggered when a routine ibechallowing to monitor the parameters and retaitues of
each call



- An automatic save and restore feature

The scheduler manages a list of cyclic and acyslants.
An event is defined by:

- Analgorithm

- Adate of first execution

- A priority

- An optional frequency of execution

The simulation time is stopped during the eventcatien (all the events are executed instantanehushe events
table is created at the beginning of the simulatind updated at run time: an algorithm or a routiae post events in
the scheduler dynamically. The K2 platform offeiffedent types of schedulers: rate monotonic, fjpssted, first
executed, ... The scheduler policy can be changeatdéie beginning of the simulation.

The cyclic events are posted only once in the sdeedAfter the event execution, it is automatigak-posted for the
next cycle. One (at most) of the simulator models be the master of time of the simulation: it tmgmplement an
algorithm called by the scheduler after each cpélexecution. This algorithm is responsible of 8hg the simulation
time. It is the only algorithm spending simulatiime.

A K2 simulator is a self-contained application tlahs without any user interaction. It generatessland profiler
information that can be analysed either dynamiadlising the simulation execution or after execution

Nevertheless, the K2 Simulator can instantiate dRfio server able to receive commands from an eateaol. The
simulation and models can be fully controlled froatside. Here is a non-exhaustive list of possiesiallowed by this
embedded server : change the simulation executi@eds post new events to be executed in the sdarechdll
algorithms, disconnect or reconnect input/outpptajse and resume the simulation, dynamically adéve python
function to the simulation and execute it, exeautscenario of actions (cross-check), introspect randify all the
models features, send a TC, monitor TMs, ...

K2LAB

K2Lab is a graphical application developed on tbfhe eclipse RCP framework. It is based on a steh€++ eclipse
with a set of plugins developed by Thales Alenia@pto design and execute K2 models and simulators.
One of the main benefit when developing with edif®CP is the modularity. Thales Alenia Space hagldped a

huge set of independent tools that can be puthegdb create an integrated application to desgecute, monitor,
control and validate simulators.
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Fig. 2. K2Lab graphical application

The K2Lab modelling plugin is based on EMF (Eclipsdedelling Framework) and Acceleo. It contains Kiz“ecore”

scheme and all the necessary K2 data types tordadi@ model. The developer can create its own tygkes libraries
based on the basic K2 types and reuse them.

This modelling tool is managing the same sort dhdhan the SMP2 catalogue file. It allows the usedefine the
interfaces of the model, but also its internal dditacture and the algorithms implemented by thdeho
By using reverse engineering, K2Lab is able to maéxisting code (K2 header files) and createatis®ciated model.



The model created using K2Lab can easily be treatslanto an equivalent SMP2 catalogue file: all trexzessary
information to create the catalogue are availaddsuming the K2 and SMP2 concepts for the intesface equivalent
(this is described in the next paragraph).

SMP2 COMPATIBILITY FOR NATIVE K2 MODELS

It is assumed that the SMP2 specification is kndyrthe reader (References [1] and [2]). The folloyvparagraphs
focus on how the SMP2 concepts are mapped intodk2epts and conversely.

The K2 basic types are fully compatible with the BMtypes. The connection concepts between modelhawever
quite different and need a translation layer. Trasslation layer is automatically generated bypprag the K2 code
into an SMP2 model. The objective is to use theni®tlel as a functional model and to wrap it aroum@&&IP2 model
knowing only the SMP2 interface of the model an@vlio connect it to the K2 functional model. Théddwing figure
illustrates how a K2 model becomes SMP2 compatible
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Fig. 3. K2 Model wrapped into an SMP2 shell

These operations can be fully automated if thestedion of K2 concepts into SMP2 concepts can lieraated. We
have noticed that this is possible most of the tiBeme exceptions are nevertheless possible wieeSNMP2 model
specification enforce the use of a particular SN2 of connection or for performance reasons (¥angle of reason
is the ISIS interface for the TM/TC service thatctes the use of SMP2 “Interfaces”) . For these gtiars, K2Lab will
provide a graphical interface to overwrite for aafic interface the default translation with theeochosen by the
model developer before generating the code.



The wrapper code implements the connection betafeeK?2 functional model and the SMP2 interfacetasas in the
following figure :

K2z interfaces SMP: interfaces

Input Field (write access)

Output Field (read access)

Callpoint Event Source and Fields

Routine Event Sink and Fields

Fig. 4. K2/SMP2 interface translation

The K2 algorithms are defined as SMP2 entry pdigtthe wrapper in order to use the SMP2 runtimeduler instead
of the K2 runtime scheduler. By contrast, it smait be useful to access the States, Internal aatlifés data of the K2
model from outside, and therefore from the SMP4Isiie default behaviour is to not translate thdata as SMP2
design elements.

The following figure describes how K2Lab generatrsSMP2 compatible model skeleton from the modsigte
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Fig. 5. Generate an SMP2 model using the K2Lab ttindeool

The generated SMP2 model embeds the K2 model and secessary K2 platform libraries to compile ctttye It can
be connected to other SMP2 models using an asseanblgxecuted in an SMP2 environment as any SMiZ&na
model.



K2 COMPATIBILITY FOR NATIVE SMP2MODELS

The K2 model generator uses the SMP2 catalogueofiliie model as input. The same mechanisms arkedpp
automatically wrap the SMP2 model into a K2 shEle aim of this procedure is to connect and exeantexisting
SMP2 model in a K2 environment running K2 modelse BMP2 embedded model becomes the functional naoiel
the K2 model describes only the interface.

The following figure shows how an SMP2 model isagsulated into a K2 model
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Fig. 6. SMP2 Model wrapped into a K2 shell

The following figure describes how K2Lab generatd€2 model skeleton from the SMP2 catalogue
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Fig. 7. Generate a K2 model using the K2Lab moagitool with an SMP2 catalogue



The following figure shows the mapping between3$MP2 design elements and the K2 interfaces:

SMP: design element K2 interfaces

Input Field Input

Output Field

Output

InOut Field Input and Output

State

Event Source Callpoint

Event Sink Routine

Interface Callpoint/Routine

Fig. 8. Translation of SMP2 design elements in K2rfaces

Most of the SMP2 elements are easily translatedl k& interfaces. The “InOut” fields translation iewever more
difficult: this concept does not exist in K2, thienee the wrapper needs to implement a mechanisdupticate the
“InOut” field into an Input field and an Output fie and copy the updated value from one to therotlen needed.

The SMP2 Interface concept is a C++ native contlegitcould have been used as is when encapsufate®2 model:

the K2 models are able to use the SMP2 interfaca agndard C++ interface without any modificatidihere is

however some limitations when using the SMP2 iam¥fconcepts: this way to exchange information éetwmodels
is not using a native K2 concept. Therefore, thaitodng and control tools of the K2 platform aret mware of these
interactions.

To resolve this problem, we chose to translateSii®2 interfaces into K2 Callpoints and Routinese Wiapper of the
models implementing the interface (producer) gamrer2 Routines and the wrapper of the models u$iagnterface
(consumer) generates K2 Callpoints

K2/SMP2 MODELSVALIDATION

The SMP2 models validation tests using BASILESpepared with the TCL language. On the other hdraiK2
models validation tests are prepared with the Rytanguage. We did not find a way to easily contleetK2 Python
tests into BASILES compatible tests. The selectédtion is to validate the functional K2 model upithe K2 platform
and to validate the interfaces using the BASILE&fptm, without re-testing the functional behaviamd reciprocally
for SMP2 models.

The functional validation is made in continuouggration using Jenkins and Sonar (Commercial O#-Shelf) to
check that all the model functionality are impleteehand running correctly during the developmeng. Nve also
developed a set of eclipse RCP plugins (groupedfiamework application called eTestLab) to monétnd control the
real-time execution of a simulator, and particylarf the models. These plugins will be integrat@d®Lab to have an
integrated model development tool allowing to desitevelop and validate models.



The following figures shows some of the eTestLawa.
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Fig. 10. TM/TC views of eTestLab

CONCLUSION

Thales Alenia Space has a huge experience using2hgatform to create simulators. A large numbétawmls and

models have been developed around this platform.

The K2 and SMP2 concepts are quite different ins@spects. Having a K2 platform natively compatiblth the

SMP2 standard would change some of the K2 foundati@n the other hands, the need to share our skl other
companies and to integrate external models toiowrlators pushed us to find a solution to be SM&apatible.

The solutions presented in this document will béy fautomated and operational on Q3 2015. This wjlen up new
opportunities to share and reuse existing modessvaver this approach is seen as the first ste@ve b K2 platform
natively compatible with the SMP2 standard.
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